The magnetic, electric and thermal properties of the (Ln 1−y Y y ) 0.7 Ca 0.3 CoO 3 perovskites (Ln = Pr, Nd) were investigated down to very low temperatures. The main attention was given to a peculiar metal-insulator transition, which is observed in the praseodymium based samples with y = 0.075 and 0.15 at T M −I = 64 and 132 K, respectively. The study suggests that the transition, reported originally in Pr 0.5 Ca 0.5 CoO 3 , is not due to a mere change of cobalt ions from the intermediate-to the low-spin states, but is associated also with a significant electron transfer between Pr 3+ and Co 3+ /Co 4+ sites, so that the praseodymium ions occur below T M −I in a mixed Pr 3+ /Pr 4+ valence. The presence of Pr 4+ ions in the insulating phase of the yttrium doped samples (Pr 1−y Y y ) 0.7 Ca 0.3 CoO 3 is evidenced by Schottky peak originating in Zeeman splitting of the ground state Kramers doublet. The peak is absent in pure Pr 0.7 Ca 0.3 CoO 3 in which metallic phase, based solely on non-Kramers Pr 3+ ions, is retained down to the lowest temperature.
I. INTRODUCTION
Thermally induced transitions in LnCoO 3 (Ln = La, Y, rare earths) have been studied for decades. Recent interpretation associates them with a local excitation of the octahedrally coordinated Co 3+ ions from LS (low spin, t 6 2g ) to HS (high spin, t 4 2g e 2 g ) state, followed at higher temperature by a formation of a metallic phase of IS character (intermediate spin, , S = 1/2) states. Very recently, an alternative explanation has been proposed based on electronic structure calculations and some indirect experimental data, namely the significant lattice contraction and shortening of Pr-O bond lengths that accompany the M-I transition [7, 8] . It is suggested that the formal cobalt valency in Pr 0.5 Ca 0.5 CoO 3 is changed at T M −I from the mixed-valence Co 3.5+ towards pure Co 3+ with strong preference for LS state, and the praseodymium valence is simultaneously increased from Pr weighted with proper molar ratios and ground using an agate mortar and pestle for 1 h.
Mixed powders were calcined at 1000 o C for 24 h in air. Then they were pulverized, ground and pressed into pellets of 20 mm diameter and 4 mm thickness. Pellets were sintered at 1200 o C for 24 h in 0.1 MPa flowing oxygen gas. The measured densities of each sample were greater than 90 % of the ideal density. Powder X-ray diffraction patterns were taken for each sample using CuK α radiation; the samples were confirmed to have a single phase orthoperovskite (P bnm) structure.
The magnetic measurements were performed in the temperature range from 2 to 400 K using a SQUID magnetometer (MPMS-XL). The hysteresis loops at T = 2 and 4.5 K were recorded between the field -7 and 7 T. The susceptibility was measured under an applied field of 0.1 T, employing the zero field-(ZFC) and field-cooled (FCC) regimes during warming and cooling the sample, respectively.
Thermal conductivity, thermoelectric power and electrical resistivity were measured using a four-probe method with a parallelepiped sample cut from the sintered pellet. The electrical current density varied depending on the sample resistivity between 10 −1 A/cm 2 (metallic state) and 10 −7 A/cm 2 (insulating state). The measurements were done on sample cooling and warming using a close-cycle cryostat working down to 2 − 3 K. The detailed description of the cell including calibration is described elsewhere [11] .
The specific heat was measured by PPMS device (Quantum Design) using the two−τ model. The data were collected generally on sample cooling. The experiments at very low temperatures (down to 0.4 K) were done using the He 3 option. and y = 0.15, respectively. Concurrently, the thermal conductivity exhibits a kink, followed with a recovery at lower temperatures (Fig. 3) . The magnetic susceptibility drops markedly ( The first issue is the character of electronic transport. The data in Fig. 1 [16] ). This type of conduction is generally manifested with a specific T −1/2 dependence of thermopower, which is, however, not obeyed for present samples. Instead, the Seebeck coefficient increases steeply from zero value at the lowest temperatures in a linear metallic-like manner and then tends to a saturation, which is not reached completely because of ingoing transition. Such behavior is suggesting that firstly, the present system possesses a quasi-continuous, very narrow band of electronic levels at E F , and secondly, the Seebeck coefficient is related to the presence of carriers rather than to their motion, i.e. the dominant contribution is the change of the net entropy of a solid upon the addition of a charge carrier, while the energy transported by carriers, divided by the absolute temperature, seems to be marginal -see e.g. Ref. [17] .
Major experimental data refer, however, to specific heat in the y = 0. 075 The phononic term in the low-temperature phase of the yttrium doped and is distributed evenly between the first step from the LS Co 3+ groundstate to a LS/HS mixture and the subsequent formation of the metallic phase of IS Co 3+ character [18, 19] .
At low-enough temperatures, there are two standard contributions of the specific heat, that can be easily distinguished in the c p /T vs. T 2 plot in Fig. 7 [20] . The γ parameter is, however, still larger in the insulating phase of the yttrium doped samples (Pr 1−y Y y ) 0.7 Ca 0.3 CoO 3 , which corroborate the idea of charge carriers squeezed in a very narrow band. As concerns the baseline in Fig. 8 and 9 , the remaining term is the nuclear contribution, manifested as the αT 
